INTRODUCTION
I n the Netherlands, an estimated 80% of children are screened for adolescent idiopathic scoliosis (AIS) at least once. 1 AIS is defined as a lateral curvature of the spine of unknown origin in teenagers; there is also a fixed rotation of one or more vertebrae and a rotational deformation of that vertebra. The severity of this condition can be assessed by Xray, and is usually expressed in the size of the 'Cobb angle', which is the angle between the axes of the upper and the lower of the most inclined vertebra. The screening test for scoliosis is the Adam's forward bending test. A school physician examines a child's uncovered back while the child is bending forward; in case of scoliosis, a rib 'hump' is present because of trunk rotation, which can be measured by a scoliometer. 2, 3 This rib hump is not always obvious in a standing position.
Screening for AIS was introduced in the USA and many other countries in the 1970s. 4 Screening aims at detecting patients in an early stage of the clinical course, in order to apply brace treatment to try and prevent further progression and the need for surgical treatment. 5, 6 At a young age, surgical treatment can have considerable implications and complications. 7 So far, however, the effectiveness of this screening has not been sufficiently established. 1, 6 Some studies conclude that screening for scoliosis is effective, 4, [8] [9] [10] [11] [12] while others doubt the effectiveness or even consider such screening to be unethical. [13] [14] [15] [16] In 2004, the US Preventive Services Task Force recommended against screening for scoliosis because of a lack of evidence. 17 They concluded that there is lack of evidence that earlier detection of scoliosis is accomplished by screening; that most cases detected through screening will not progress to a clinically significant form of scoliosis; that screening for scoliosis can lead to unnecessary brace wear and/or specialty care and that these harms exceed the potential benefits. However, for researchers and practitioners, to continue screening for scoliosis or not is still under discussion.
In an ecological case-control study, Wiegersma et al. found no support for the hypothesis that an active screening programme for scoliosis prevents surgical interventions (odds ratio 1.00; 95% confidence interval [CI] 0.74-1.35). 18 However, in their study, exposure to screening was established on an ecological instead of a personal level (i.e. as the formal screening policy in the municipality where the children lived at the time of the study). Whether cases and controls actually were exposed to that policy, or whether they actually lived in the municipality involved at the time they should have been screened, was not established. 19 Moreover, no insight could be given as to the causes of the reported absence of effectiveness of the screening.
From a methodological point of view, a randomized controlled trial (RCT) is the best design to establish the effectiveness of screening for scoliosis. However, because AIS is not very common, an RCT would demand a very large study population to gain sufficient power, which makes an RCT unfeasible. 20 The next best design is a case control study. 21 In such a design, screening exposure of patients with the adverse outcome (in this case, scoliosis patients needing surgery) must be compared with screening exposure of a (random) population control group. Although this design is less laborious than an RCT, it still requires considerable effort and costs.
However, before executing such a study, it is both worthwhile and simple to test whether or not screening for scoliosis could be effective at all. If screening for scoliosis is effective, it is expected that (1) screen-detected patients are detected at an earlier stage of the clinical course than otherwise-detected patients, and (2) screen-detected patients have a better outcome than otherwise-detected patients. It is noteworthy that, to our knowledge, such a simple study has not been done before. If one or both hypotheses could be falsified, a laborious evaluation study (such as a case-control study) would no longer be necessary. However, if these hypotheses could not be falsified, this study would not provide enough evidence to state that screening for scoliosis is effective.
The purpose of the present study is to evaluate whether patients detected by screening were detected at an earlier stage of the clinical course, and whether patients detected by screening had better outcome than otherwise-detected patients. Also evaluated are the programme sensitivity and whether differences exist in the age at detection and at diagnosis between screen-detected and otherwise-detected patients.
METHODS
Under Dutch law, observational health surveys are exempted from requesting approval from a medical ethical committee. The study was conducted according to the principles of the Declaration of Helsinki.
Design
The study was a retrospective follow-up study of AIS patients who had completed treatment with a brace, by surgery, or with a brace followed by surgery. The patients treated with a brace only were not expected to be eligible for surgical treatment in the future, as far as could be judged at the time of inclusion based on curve characteristics and cessation of growth.
Study population
Orthopaedic surgeons from 12 hospitals in the Netherlands where patients with AIS are treated were requested to report all consecutive patients who had completed treatment for idiopathic scoliosis between June 2002 and October 2004 and who were born on or after 1 January 1984. Of the 143 eligible patients who were invited to participate, 125 (87%) gave their informed consent. One large hospital in the northern part of the Netherlands did not participate; we have no reasons to believe that the results of this study would be different if that hospital had participated.
Scoliosis screening programme in the Netherlands
In the Netherlands, there are 40 Municipal Health Services, each with their own youth health-care department. School physicians and nurses of about 80% of these youth healthcare departments screen children for scoliosis. Screening is generally offered at a mean age of 11 and/or at a mean age of 14 years, often as part of a periodical medical examina-tion. There is also a periodical medical examination at about the age six, during which the back is often inspected for deformities. When the school physician detects a scoliosis, patients generally have to visit their general practitioner before being referred to an orthopaedic surgeon. The general practitioner or the orthopaedic surgeon orders an X-ray to establish the severity of the scoliosis.
The programme sensitivity of screening for scoliosis represents the proportion of the patients who were detected by this programme in relation to the total study group.
Variables and measurements
We collected the following data: being detected by screening or otherwise; Cobb angle at diagnosis; outcome; age at detection of AIS and age at diagnosis. Screen-detected patients were defined as being detected by the school physician and/or referred to the general practitioner or the orthopaedic surgeon by the school physician. For these patients, the school physician clearly exerted the most influence in the detection and/or referral process. Patients who did not meet this latter criterion were defined as otherwise detected. The orthopaedic surgeon established the diagnosis of idiopathic scoliosis. Cobb angle at diagnosis was used as a measure for the stage of the scoliosis at detection. Outcome was defined as being operated (whether or not being braced before surgery), or being treated with a brace only.
The youth health-care files were used to collect data on age at detection by screening; medical files were used to collect data on age and Cobb angle at diagnosis, and telephone interviews with the patients and the youth health-care files were used to collect data on the first person to detect the scoliosis. If the school physician did not detect the scoliosis, the patients were asked when the scoliosis was detected. If the patient did not remember the exact month of detection but did remember the season, we set the date of detection at 15 January in case of 'winter', 15 April in case of 'spring', 15 July in case of 'summer' and 15 October in case of 'autumn'; this was done for eight patients. In the case of 'otherwise detected', because we asked the patients only for the month and year, the date of this detection was set at the 15th of the month.
Statistical analysis
The independent variable is being screen detected or being otherwise detected. The dependent variables are the Cobb angle at diagnosis and the outcome.
The programme sensitivity is determined by the proportion of patients detected by screening in relation to the total study group.
Because some data were skewed and many subgroups contained less than 30 cases, the Mann-Whitney U test was used to reveal significant differences between screendetected patients and otherwise-detected patients in the Cobb angle, age at detection, and age at diagnosis. Binary logistic regression analysis was used to calculate the odds ratio, and 95% CI for having surgery depending on whether or not being screen detected. Separate analyses were carried out for the patients detected before the age of 11 years and those detected at or after the age of 11 years to evaluate whether or not the contribution of screening for scoliosis depended on age. The age of 11 years was chosen because if school physicians decide to provide screening for AIS, they are advised to do this between the ages of 11 and 13 years.
Separate analyses were done to evaluate whether the missing data on scoliosis detection could influence the study results.
The SPSS 11.0.1 package was used for all analyses.
RESULTS
Of the 125 patients in the total study group, 66 were detected by screening and 53 were detected otherwise. Of the remaining six patients, for two patients, data on detection were missing; for four patients, it was not possible to judge whether they were detected by the school physician or otherwise. The programme sensitivity was 66/119 (i.e. 55%). Table 1 shows that 82% of the patients were girls. The distribution of curve types was similar in screen-detected and otherwise-detected patients. Patients detected by screening were significantly younger at detection and at diagnosis than patients detected otherwise. Patients detected by screening were operated on at a significantly younger age. Table 2 shows that screen-detected patients had a significantly smaller Cobb angle at diagnosis than otherwise-detected patients. Patients older than 11 years at detection had a larger Cobb angle than patients younger than 11 years, and in patients older than 11 years at detection, the Cobb angle was significantly larger in patients detected otherwise. Table 3a shows that 45% of the screen-detected patients needed surgery, compared with 75% of the otherwisedetected patients. The odds ratio for surgery for screendetected patients was 0.27 (95% CI 0.12-0.60). This means that patients who were detected by screening had a 73% lower chance of an adverse outcome (i.e. needing surgery) than patients who were detected otherwise. Patients younger than 11 years at detection and who were screen detected had a slightly lower chance (but not significantly) of needing surgery than patients who were over 11 years at detection and who were screen detected (Tables 3b and 3c) .
Separate analyses were done to evaluate whether the six patients for whom it was not possible to judge whether they were detected by screening or otherwise could influence the results. Considering these patients as screen detected and also as otherwise detected had no significant effect on the study results.
DISCUSSION
In the present study, patients detected by screening had a smaller Cobb angle at diagnosis and had a better outcome (i.e. less surgery) than patients detected otherwise. In addition, the screening programme detected 55% of the patients, and patients detected by screening were younger at both detection and diagnosis.
Montgomery et al. also tested whether outcome improved (i.e. less surgery) after the introduction of screening for scoliosis and they concluded that screening for scoliosis is effective because of the observed reduction in surgery after screening was introduced. 11 However, Montgomery et al. did not measure on a patient level whether these patients were actually detected by screening or not, and they did not take into account the following possible biases.
In cohort studies such as ours and that of Montgomery et al., the four types of bias, which can overestimate the effectiveness of screening, are lead-time bias, selection bias, length bias and over-treatment bias. 22 Lead-time bias occurs when patients do not reach the definite outcome during the study period. The screening population may contain a large proportion of patients with disorders in a very early stage who will not have reached the (adverse) outcome during the study period; this will lead to an overestimation of the positive effect of screening. In the present study, the outcome (i.e. surgery or treatment with a brace only) of all patients could be determined. Patients either had surgery (whether or not being braced before surgery) or were treated with a brace only. The latter group was not expected to be eligible for surgical treatment in the future, as far as could be judged at the time of inclusion, because of their curve characteristics and cessation of growth. Therefore, it is not likely that lead-time bias occurred in our study. Selection bias can occur when those who are vigilant about their health and seek medical help in time anyway have a greater chance of being screened than others; this will lead to an overestimation of the effect of screening. In the Netherlands, screening for scoliosis is performed in about 80% of all youth health-care departments. Because most children will visit the school physician when they are invited for an examination, being exposed to screening for scoliosis will depend more on whether or not the youth health-care department offers the screening for scoliosis than on the child's or parents' characteristics. This is not likely to lead to selection bias at the individual level, and therefore selection bias is not considered an important problem in screening for scoliosis in the Netherlands.
Length bias occurs when patients with a rapidly progressive form of a disease will have less chance of being detected by screening and have a higher risk of reaching the adverse outcome. This will lead to an over-representation of these patients in the otherwise-detected group, and thus to an overestimation of the effect of screening. Scoliosis is not a uniform disorder. Scoliosis patients with a large curvature at younger age or with a rapidly progressive curvature (more severe cases) have a higher risk of needing surgery than less severe cases. 23 More severe cases of scoliosis have less chance of being detected by screening because of the short preclinical detectable phase. Thus, length bias could be a serious problem when evaluating screening for scoliosis in a follow-up study.
Over-treatment bias occurs when patients are unnecessarily treated. Over-treatment with surgery in case of scoliosis is rare, because most patients will only be surgically treated when they have a Cobb angle of 40-451 or over and have reasonable physical growth remaining. Over-treatment with a brace, however, cannot be ruled out. Patients with a relatively small Cobb angle are more likely to be detected by screening than otherwise. Some of these patients will be treated with a brace, whereas they would not have visited an orthopaedic surgeon and received or needed treatment at all if they had not been detected by screening. 24 This will lead to an overestimation of the effect of screening in the evaluation of differences in outcome between screen-detected and otherwise-detected patients. Therefore over-treatment could be a serious issue when evaluating screening for scoliosis in a follow-up study.
Finally, it remains unclear whether or not early intervention with a brace is an effective strategy in preventing surgery in AIS patients. 13, 25, 26 This is probably one of the most important questions, but no answer is likely to emerge in the near future.
In conclusion, in the present study, two basic prerequisites for an effective screening programme for scoliosis have been met (i.e. earlier detection and less surgery in screen-detected patients). If these prerequisites had not been met, further evaluation would not be necessary; however, definite proof of the effectiveness of this programme now needs to be established because length bias and over-treatment bias cannot be ruled out. Therefore, it is worthwhile to conduct a case control study to establish the effectiveness of this screening programme. The case group should consist of AIS patients treated surgically (i.e. the outcome that screening is supposed to prevent) and the control group should consist of a random sample of the source population. Instead of evaluating detection by screening, which was evaluated in the study in this paper, differences in exposure to screening between the case group and the control group should be evaluated. Such a study is planned for the near future. 
